Aim The aim of the study was to analyse the prevalence of diabetic onset ketoacidosis (DKA) during a period of 20 years (1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)) on a population basis in the whole of Austria. Methods A prospective population-based incidence study (1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008) was performed. The registered data set comprised blood glucose, pH, ketonuria and clinical symptoms of DKA at manifestation. DKA was defined as pH<7.3 and severe DKA as pH<7.1. Time trends were estimated using linear regression models. Results During the study period, 3331 children <15 years of age (1,797 boys and 1,534 girls) were registered with newly diagnosed type 1 diabetes. Of these, 1,238 (37.2%) presented with DKA, 855 (25.7%) had a mild and 383 (11.5%) a severe form, and one patient died at onset. DKA frequency was negatively associated with age at onset (p< 0.0001). In children <2 years the prevalence was 60%, with a higher risk for girls (70% vs 54% for boys, p<0.05). Despite a significant increase in diabetes incidence in Austria during the observation period from 8.4 to 18.4/ 100,000 (p<0.0001), no significant change in the prevalence of DKA at manifestation was observed. Conclusions The overall frequency of DKA in children with newly diagnosed type 1 diabetes in Austria is high and has not changed during the last 20 years despite a clear increase in the manifestation rate. In particular, children less than 2 years of age have a high risk of DKA at onset.
Introduction
Diabetic ketoacidosis (DKA) is a life-threatening complication of type 1 diabetes and is present in 15-67% of children at the time of diagnosis [1] [2] [3] [4] [5] [6] [7] . The prevalence of onset DKA varies widely among studies, but most studies have been hospital-based and might therefore have been influenced by the selection bias of hospital referral [2, 4, 6] . There is substantial variation in the incidence rate of type 1 diabetes in children below 15 years in Europe and the regional incidence rate of type 1 diabetes has been reported to be inversely correlated with the prevalence of DKA at diagnosis [1, 8] .
Some recent investigations have reported a decrease in DKA at onset [4, 6, 9] , which may be due to an increase in medical awareness as a result of high background incidence [4, 6] , special information campaigns [9, 10] or prevention programmes [6] . Because the incidence of childhood type 1 diabetes is increasing in most European countries [11] and numerous epidemiological publications have dealt with this increasing incidence, it might be expected that medical awareness in healthcare professionals should have improved in recent decades.
In Austria, the incidence of type 1 diabetes in children grew by 3% per year from 8.4/100,000 in 1989 to 18.4/ 100,000 in the year 2008 [12, 13] .
The aim of this study was to analyse the prevalence of onset DKA and the possible time trend during a period of 20 years (1989-2008 ) on a population basis in the whole of Austria.
Methods
All patients with newly diagnosed diabetes from 0 to 15 years of age were registered prospectively by a network covering all paediatric hospitals, wards and diabetologists since 1989 (Austrian Diabetes Incidence Study Group). The study was approved by the ethics committee of the Medical University of Vienna. Parents of the patients gave their informed consent. The completeness of case ascertainment was >93% and there was uniform completeness of ascertainment over time. Since 1989 the Austrian incidence data have been included in the EURODIAB ACE (Aetiology of childhood diabetes on an epidemiological basis) study and we therefore used the case definition of type 1 diabetes used in that study [11] .
The registered data set comprises blood glucose concentration at diagnosis, height and weight at diabetes onset, pH, ketonuria and clinical symptoms of DKA at manifestation (hyperventilation, unconsciousness). DKA was defined as pH<7.3. Mild DKA was defined as pH< 7.3≥7.1 and severe DKA as pH<7.1 or clinical signs of severe acidosis, such as hyperventilation or unconsciousness. Additionally, weight and height at diagnosis and postal code of the home addresses at diagnosis were documented.
We estimated a dichotomous (acidosis yes/no) as well as a polychotomous (no, mild, severe) logistic regression model in SAS [14] . Because of missing values (mainly height at onset), only 3,006 observations entered into the regression model. Main effects and interaction effects were estimated. The assumption of proportional odds in the polychotomous regression model was tested with the score test. This assumption states that, apart from a constant, the shape of the association between a risk factor and the two risks (mild and severe acidosis) is the same.
The variables entered were year of diagnosis, age at manifestation, sex, blood glucose, standard deviation score for body mass index (SDS-BMI) and place of residence (nine provinces).
Because of modelling issues, blood glucose was divided by 1,000. Main effects and interaction effects were estimated. The effect of age at manifestation and blood glucose and SDS-BMI were illustrated by plotting estimated prevalence in dependence on the variable of interest and setting the other variables to observed mean values of these variables in the sample.
Results
During the observation period of 20 years, 3,331 children (1,797 boys and 1,534 girls) under the age of 15 years were diagnosed as having type 1 diabetes, 1,238 (37.2%) presented with DKA, 855 (25.7%) of them had mild DKA (boys, 25.9%; girls, 25.4%) and 383 (11.5%) a severe form (boys, 10.5%; girls, 12.7%); one patient (female, age 14.3 years) died at onset from cerebral oedema after 14 h of treatment.
The frequency of DKA was negatively associated with age at onset ( Table 1) . In children aged <2 years the frequency of DKA was 60% (p<0.0001). In this age group a trend to more DKA episodes in girls (70%) than in boys (54%) was observed (p<0.05).
The lowest risk of acidosis was found in children at around 7-8 years of age compared with younger children and adolescents, who showed a significantly higher risk of acidosis (Fig. 1a) . Table 2 shows the results of the dichotomous logistic model. The polychotomous model showed a significant deviation from the proportional odds assumption (p= 0.007), so that the assumption of proportional odds may be questionable. Except for sex in the dichotomous model, all variables showed a significant p value. In the dichotomous model the effect of sex was not significant (OR 0.87, 95% CI 0.74, 1.02, p=0.0837), with a lower prevalence for boys than for girls. In the polychotomous model the effect was very similar (OR 0.82, 95% CI 0.70, 0.95) but significant (p=0.0087), again showing a higher risk for girls. The overall effect of the variable province was significant (p = 0.0026). ORs and corresponding 95% confidence intervals with Vienna as reference (OR 1) are shown. The prevalence of DKA in the provinces Vorarlberg and Burgenland was almost half as large as that in Vienna; the Tyrol province showed the highest prevalence, with an OR of 1.1 (Table 3) .
Mean blood glucose at diagnosis was significantly higher in children presenting with DKA (31.3±15.6 vs 24.6±10.2 mmol/l, p<0.0001). At the beginning of the 1990s, high blood glucose values were associated with a high prevalence of acidosis. This increasing effect of blood glucose attenuated in the years at the end of the study, so that blood glucose did not show a clear effect on the prevalence of DKA. Figure 1b shows the joint effect of the variables year of diagnosis and blood glucose.
Regarding body weight, the lowest prevalence of acidosis occurred in children with SDS-BMI values between 0 and +1, although the BMI was missing in several cases. The highest prevalence could be seen in distinctly underweight children (SDS-BMI≤−1).
Despite a significant increase in the incidence of childhood diabetes in Austria [12, 13] during the observation period (from 8.4/100,000 to 18.4/100,000; p<0.0001), no significant change in the prevalence of DKA at manifestation was observed within the same time period (Fig. 2) .
Discussion
Our study showed that 37.2% of Austrian children had DKA (pH<7.3) at diagnosis of type 1 diabetes and 11.4% presented with severe DKA (pH<7.1) during the study period of 20 years, with no significant time trend over the years.
The observed prevalence was distinctly higher than the recently published DKA rates in northern Finland [6] and southern Sweden [4, 8] , but similar to those reported for Germany [15] , the UK [16] and the USA [7] .
In a previous EURODIAB study [1] an inverse relationship between the diabetes incidence rate and the prevalence of DKA at onset of the disease was found, with DKA prevalence rates between 26 and 67%. A possible explanation for this association could be the greater medical awareness of diabetic symptoms in the population, especially family doctors, in high-incidence regions, but another reason might be other environmental differences leading to a more severe and rapid disease presentation.
In Austria the incidence rate doubled during the observation period and several publications [12, 13] have noted not only an Austrian but also a European increase in childhood diabetes [11] . However, we did not observe a decrease in the frequency of mild or severe DKA at manifestation during the last 20 years. This is in contrast to reports from Finland [6] and Italy [9, 10] , where clear reductions in the frequency of DKA at diagnosis were reported. During the last 20 years in northern Finland, the prevalence of DKA has fallen from 29.5 to 18.9%. For Finland, the argument of increased medical awareness due to the highest diabetes incidence worldwide may be considered, but additionally the Type 1 Diabetes Prediction and Prevention (DIPP) project may focus interest on childhood diabetes. The background diabetes incidence in Italy is similar to that in Austria, but a DKA prevention campaign in the province of Parma showed a significant decrease in onset DKA from 78 to 12.5%. In almost all reports on onset DKA, younger children have the highest risk of presenting with DKA at manifestation [6-8, 17, 18] , indicating that the disease process may be more aggressive in young children and this age group might be more vulnerable to dehydration compared with other age groups. Additionally, the classical diabetic symptoms may be missed in the very young. On the other hand, teenagers are also at risk of DKA at manifestation [6] . Young adolescents may be more secretive about their symptoms and therefore run a higher risk of developing DKA. Like other investigators, we did not observe a significant difference between girls and boys in the whole cohort, with the exception of the youngest age group and for the severe form of DKA, where girls were more at risk than boys.
Patients with DKA presented with relatively high blood glucose concentrations. Especially at the beginning of the 1990s, high blood glucose values led to a high prevalence of acidosis. The effect of blood glucose concentration on the incidence of acidosis decreased in the years towards the end of the study. We have no clear explanation for this finding, but it could be associated with the change in the age at manifestation in our population towards a younger age, when the risk of acidosis is higher even with lower blood glucose values [13] . A recent study in children demonstrated that the blood glucose level was not associated with the clinical severity of DKA [19] . Weight loss before diagnosis is a typical sign of metabolic derangement, with a higher risk of onset DKA. Therefore, the highest prevalence of DKA in children with a SDS-BMI below −1 in our cohort is not surprising.
A shortcoming of our investigation is that the registry contained no data on socioeconomic factors such as family income or parental educational level or on ethnicity on an individual basis, which have been described as factors predisposing to the development of DKA [7, 8, 15, [20] [21] [22] . We found an interesting regional difference among Austrian provinces, with the highest risk in Tyrol and Vienna. This finding might be associated with different barriers to a timely diagnosis in these two provinces. In Tyrol, it is mainly one hospital in the centre of the province (Innsbruck) that takes care of diabetic children, so the distance to the hospital in mountainous regions may delay diagnosis. A recent British study reported that a delay in diagnosis doubled the frequency of DKA at onset [16] . A possible explanation for the relatively high frequency of onset DKA in Vienna, where there are several children's hospitals, is the high prevalence of a migration background in diabetic patients in Vienna, leading to barriers to healthcare because of language problems or health beliefs. In Vienna more than 30% of newborn children have a migration origin, whereas only in 10-20% have such an origin in the other provinces (Statistics Austria), and in the year 2008, 59% of newly diagnosed diabetic children in Vienna (University Children's Hospital) had a migrant family background compared with only 22% in Graz (University Children's Hospital, Styria).
In conclusion, the overall frequency of DKA in children with newly diagnosed type 1 diabetes in Austria is high and has not changed during the last 20 years despite a clear increase in the manifestation rate. In particular, children less than 2 years of age have a high risk of DKA at onset. Efforts such as a nationwide campaign similar to the Parma initiative are needed in order to reduce the rate of onset DKA in Austria, as purely epidemiological publications are an inadequate means of increasing awareness of childhood diabetes in the healthcare system and the population. 
